In materiM whose viscosity is very temperature dependent, flow from a chamber through a cooled slot can develop a fingering instability or time-dependent behavior, depending on the elastic properties of the chamber, the viscosity-temperature relationship, and the geometry of the slot. A laboratory experiment is described where syrup flows from a reservoir through a tube immersed in a chilled bath to an exit hole at constant pressure. Flow is either steady or periodic depending on the temperature of the bath and the flow rate into the reservoir. A theory indicates that the transition from steady to periodic flow depends on nonlinearities in the steady state relation between pressure and flow rate. A general stability criterion is advanced that states that the Peclet number must be within a certain range for instability to develop. Parameters governing the oscillation period are determined. Theory also indicates that flow through a slot would develop finger-like instabilities under certain conditions. Qualitative laboratory experiments with paraffin spreading over a cold plate reveal the fingering.
INTRODUCTION
There are many examples in geophysics where hot materiM from deep in the Earth flows to the surface, where it then cools, slows down and may ultimately even stop from that cooling. Obvious examples are found in volcanic magma flows, where stoppage is ultimately produced by solidification of the material. However, before the complete solidification is consummated, flow resistance can increase from the action of numerous processes that retard the flow upon cooling of the magma. Some examples of processes that increase the resistance of magmas flows are [Hughes, 1982] constriction of the pipes and conduits from deposition of crystals along the wall; an increase in fluid viscosity due to cooling; an increase in viscosity due to bulk composition changes through preferential crystallization; and the addition of suspended crystals to the fluid upon cooling, with a consequent dramatic increase in bulk viscosity. One wonders whether novel flow structures such as fingers, timedependent surges, and complicated free surface shapes such as pahoehoe or pillow lavas are the result of this increase in resistance.
Magmatic systems are not the only flowing systems that encounter an increase of resistance upon cooling. Many aquifers dissolve away minerals under high pressure and temperature and some of these minerals may be redeposited along the walls in other locations of the system where there are lower pressures or temperatures. There are numerous cases both in terrestrial and deep-sea hydrothermal springs where the systems pulsate, become restricted to a few localized springs, or ultimately become clogged by the deposited minerals.
by the development of fingers of melt-and time-dependent flows. We believe that this is one of the most prevalent processes in the cooling of hot geological and geophysical systems. The approach is to study simple problems, to illustrate the features that develop, and to suggest possible applications. Duplication of full geological complexity is beyond our capabilities and in any case could only be done on a case by case basis. An analysis similar to that of Saffman-Taylor but with more direct geochemical applications was conducted by Ortoleva, et al., [1987a] . In their problem, an advancing front reacted with host material to produce scallops. They suggest that numerous geological features may be generated by this geochemical self-organization Ortoleva, et al., [1987b] .
The closest analogy known to this situation is
The purpose of this study is to investigate the dynam-A second physical process for thermal control of basaltic ics of flows that develop increased resistance as they flow eruptions has been recently developed by Bruce and Hupinto cooler regions and particularly to understand a dynamic pert [1989] . Melt flowing through a dyke is shown to be funinstability that develops. The instability is characterized Copyfight 1991 by the American Geophysical Union. In section 2 we describe a laboratory experiment that illustrates one possible situation, when hot fluid flows through a cold pipe from an elastic reservoir. The flow is found to be either steady or periodic, depending on the amount of increase in viscosity that is produced in the cold region and the replenishment rate of the reservior. In section 3 a simple theory is advanced to explain the observed behavior. A stability analysis is conducted for an idealized problem with flow from an elastic chamber through a slot. In the one-dimensional limit corresponding to the 
STABILITY OF UNIFORM FLOW
The purpose of this section is to develop a theory for hot fluid flowing through a slot that is cooled from the sidewalls. A slot, rather than a circular tube, is incorporated so that spatial, as well as time-dependent, instabilities may be investigated. It will be shown that both temporal and spatial instabilities are expected for Peclet numbers within a certain range.
Consider the simple system sketched in 
